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pillways are an imporant

i dams, consulting engineers, and

clement of any dam. Water will ¢

overtop the dam daring a flood, if
the spillway is not adequately
sized, For eanb-filled dams, over-
topping most often leads o com-
plewe dam faiture. This failure can
result in loss of life as well as sign-
tlicint property damage. Overtop-
ping of concrete dams can also
fead to failure, bur not unless the
level of water over the dam is
significantly higher.

Under former Montana rules. the
amount of water that existing
spiliways needed 1o convey was
treated essentially the same.
regardless of the population
downstream of the dam. Some
spillways in remate argas were
redquired to pass enormous. floods
at great cost to the owners.

The Montana Spiltway Standards
Committee has made its final
recommuendztions on spillway size
to the Montana Department of
Naturad Resources and Conserva-
tion {(DNRC). The committee,
formed in the spring of 1997, has
been advising DNRC in drafting
new rules for spitlways. The com-
mittee is made up of dam owners,
residents who live downstream of

i For complete safety. the spillway
- woukd need 1o convey the maxi-

i mum fload that epuld ever occur,
However, this would be cost-

! building new spillways will be

i encouraged 10 build spillways that
exceed the minimum require-

. ments, In this say. they can

| protect themselves from being out
of compliance shortly after they
complete their new spiftwars

government employees.

i prohibitive. just as making auto-

: mobiles that are completely safe is
| cost-prohibitive. Therefore, the
i size of spiltway required for each
| dam will depend on the popula-
; tion level below the dam. Owners
! of dams with large populations
i below will be hedd o a more
stringent ¢riterion for spiltway size
¢ than owners of those dams with

‘ small populations below:

L One of the tasks the committee

| faced was determining an appro-
| priare risk level.
- committee decided is acceprable is

: that a life would be lost in any

| given vear due to spillway failure.
i For example, i 5 lives would be

| lost due o spillway failure, the

i

¢ Because of potential population

: spillway would need to convey the

| flood
| most floodplain regularions are

! The committee also recognized

| that ir would be unreasonable to

| expect all existing dams with
spiltways that do not meet the
standard o be brought into

| compliance immediately. There-

. fore, DNRC will prioritize the most
| hazardous dams. Owners of dams
. that do not meet the standard bt
. are not imminently hazardous widl
- have more time to bring their

- dams into compliance. DNRC will
- waork with the owners by consider-
ing such factors as grant cycles
and construction seasons o hring
- the dams into compliznce with
state dam safery standards.

The risk that the

thut there be a I-in-1,600 chance

Presented in this newslener is an
excetlent article by Jason Thom,
BE. (a member of the Montana
Spillway Standards Comminiee)
that reviews the work completed
by the committee. For moare
information regarding the pro-

| posed spillway standards, contact
| Terry Voeller ar 444-6604. 4

1-1-5.000 foad or the 5,000-year
To put this in perspective,

for the 100-vear flood.

growth, dam owners who are



or the past two years, a broad-

based committee has been
working to develop new spillway |
design standards for high hazard |
dams in Montana. The committee |
consists of various dam owners, £
affected downstream residents, I
DNRE engineers, consulting
engincers, and federal government |
experts. The committee has
developed proposed standards
regarding minimum allowable
spillway capacity. The proposed
rules will undergo public meet-
ings. formal public notice, and

modify the Administrative Rules of
Mongana

This article will discuss three
spillway standards: (1) the original
standards, (2) the interim szin-
dards, and (3) the proposed
standards. The original standasds
regulate spillway capacity as a
percentage of the probable maxi-
mum flood (PMF) based on the
size of the dam and reservoir,
There is very little consideration of
the level of risk associated with
downstream development. The
interim standards were established
in 1995 o allow time for analvsis
and development of risk-based
trather than PMF-based) criteria,
The interim standards allow a
minimum spillway capacity of the
500-year Aood for ali dams. The
interim standards were adopted o
avoid forcing dam owners to
complete expensive repairs o
meet the PMF standard, while a
more logical, risk-based standard
was developed. The proposed
standards include a risk-based
criterion with the spillway capacity
being dependent on the loss of life |
anticipated from a dam faiflure.

A central concept of the proposed
standards is the computation of

& 7y PE.

the anticipated loss of life (LOL)
from failure of the dam. Statistical
analyses have been completed on
past flood catasirophes to relate
LOL o the population at risk
(PAR), warning time, and force of
the fload wave (high or low
impact). A large dam with a long
travel time to the PAR and a low

| force wave at the population

| location could have a large PAR

| and a relatively low LOL due o

: people being able to escape the

i flood wave. A small dam could

| have a smaller PAR, but no warn-
comment PI‘UEEES NECESSAry £ ’

ing time and 2 high force wave
thar would result in a high LOL.

The committee selected a target
maximum level of risk of 1 LOL in
1,000 years. That is to say, if the

i LOL is 5, the design flood should
i be the 3.000-vear event; if the LOL

is 1, the design Hood should be

i ‘the 1.000-vear evenr. The l-in-

1.000 criterion was selecred based
on a comparison of risk levels

used by other agencies and design
of engineered structures through-

| out society in general,

DNRC recently funded jointdy two
studies by Chuck Parren of the
LS. Geological Survey (USGS}) to
develop methods for determining
the frequency of extreme precipira-
tinn events and for distributing the
precipitation intensities. These
studies are now complere and

| provide methods to compure

: floods for a risk-based analysis up
| tothe 5.000-vear evenrt
i comminee determined that, for

i dams with LOL greater than 3, the
i design precipitation depth will be
| interpolated between the 5,000-

The

vear storm at 5 LOL and the
probable maximum peecipitation
(PMP) ar 1,000 LOL. This main-

| tains the -in-1.000 risk level, if ir
| is assumed that PMP is approxi-

i
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mately a 1,000.000-vear event (a
large but necessary assumption)

For purposes of illustrating the
spillway standards, three hypo-
thetical dams will be reviewed. To
keep them straight, let's say that
the awners are Art, Bob, and
Kevin. Art owns a very smail
recreational dam located in a
scenic mountain canyon. There is
 large subdivision located imme-
diztely below Art's dam. Even
though the dam is only thirty feet
high, failure of the dam would
likely result in a high LOL. Bob,
on the other hand, owns a slightly
larger dam (forty feet high) that he
uses to irrigate his farm. This dam
is located in a refatively remote
area, with a failure impacting only
one house that is seasonally
accupied and located five miles
downstream. Kevin owns a large
reservoir (20,000 acre-feetr) and
dam (70 feet high) in eastern
Montana with five houses ar risk
between 3 and 20 miles down-
seream. The valley is wide in the
area of the houses, and the flood
wave would be relatively shallow
and slow moving,

Under the original standards, Art's
dam must have a spillway capacity
of 10 percent of the PMF or the
100-vear flood, whichever is
greater. The interim standards
require capacity o pass the 500-
year flood, which the dam cur-
rently meets. PAR is 250 people,
with the estimated LOL due o
failure of 55 people. The pro-
posed standards would require an
interpoladion between the 5600-
year storm and the PMF o ap-

¢ proximare the 55,000-vear event
! The LOL risk without rehabibita-

tion would be 55 per 500 years or
1 LOL per 9 1 gears. This is a very

(Continued on Paye 3)
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Spillway Standards

fConnued froot Puge 2
high LOL risk. This dam would be |
ranked as a high prioriy 1o be
rehabilitated under the proposed
standards, as the LOL risk is much |
more likely than the selected targer
of 1 per 1.000 years, Immediate
action should be instituted at this |
dany.

Bob’s dam must pass a fiood of 30 |
percent of the PMF based on the
original standards. PAR is 3, and
the esumated LOL is 0.1, ¢You
may ask, “How can an engineer
come up with a partial latalicy?”
This represents a seansacal value
that, if there were 10 filures
under these conditions, one LOL
would be antcipated. In other
words, if the dam fails the odds
are Iin 10 that there would be 2
Faralicy) The interim standards
require a SO0-vear capacitv, and
the proposed regulations also
require a SO0-year capacity as the
minirnum for a high hazard dam.
Bob's present spillway can handle
the 600-year flood, so no maodifica-
tions would be required. The LOL
risk would be 0.1 LOL per 600
vears or 1L LOL per 6,000 years,
which is one-siaah of the sk of

: be noted that additional develop-
7 ment could occur below Bob's

i dam without a need o upgrade the |

; spillway uniil the anticipated LOL
i is 0.6,

Kevin's dam currently has a spill-

L way capacity to pass the #00-vear

food (15,000 cfsy. PARis 15
people, with anticipated LOL of
0.7. The original sandards would
requiire 75 percent of the PMF
(120,000 cfs): the interim stan-
dards the 500-vear flood (17,000

i ¢fs) and the proposed seandards

i the 700-year flood (21,000 ofs)

I This dam would, therefore, have o
i be modified to increase the spill-

way capacity. Under the original
standards, the design flood would

i have been many times greater than
: the requirement under the new

standards. The present risk would
be 0.7 LOL per 400 years or 1 LOL
in 571 years.

In comparing Kevin's dam to Art's
dam, it becomes apparent that the
nisk w downsiream residents is
much higher at Art’s dam even
thoeugh the dam is much smaller.
The proposed stndards are in-

. tended to help identify those
i suuations likely w pose the hlghes{
+ risk of loss of life. They alsa

i provide a more equitible basis for
determining spillway capacicy.
Generally, the proposed standacds
will result in smaller spillway
requirements while maintining
reasonable risk levels. However,
there may be cases such as Art's
where the new stndards will
require much more spillway
capaciry for a dam thar was consid-
ered “safe” under the original and
interim standards.

i Public presentation of the pro-

i posed rules will take place this
summer in Billings, Big Skv.
Missoula, Havre, Helena, Kalispell,
and White Sulphur Springs.

b ason H. Thom, PE. is MSE-HRM s Searoe
FProject Manager for Warer Resources. He
provices rechaical and managemens
oversighs of dam refabiditation projecrs
trom planning through construction and
Sstart-upx. Mr Thesn fas been responsibie
for aversight of construcrion on more
than 2 dozen bigh bazacd damy rehabrlita.
1 fEon poofects. Fie has GReen vears of

L eaperience ai MSE-HKM, preceded by

i three vears of experience with e 115,

! Bureay of Reclumazion. Mr Thoar bas a

| Gl Engineeriag degree from Somcamna
Stare University and is licensed in Mo

i tanz and Colorado. Fe is an active

it member of the advisory comausties

i working with DNRC w revise the Montana
ecguiatons for high Rasard dar spilfwsy
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the targer of 1in 1,000, It should

P

ad:mccm&wr:mcnwaa T
3 Widﬂd‘ funding under the
vational Damy Safery Act 10 im-
prave its Dam Safety Program:
e Stare dia'inmzwa decided 10 :

ures is lack of adequare main-
rrnzmr_e. The Best way to :dtnufy i
“maintenance necds. is for the

owner to become Bamiliac with

'+ assistng owners in rcvxemg
- their operation and mainmnance
4 piammmsute that ﬂwr. are

: ustfui

; ;\hmbr.r aspect of this progmm

: National Dam Safety Act Funding
Used to Initiate -Owner Awareness Program

: the dam and do. mgulars:re

inspections. DNRC ERINECErs. mﬁ.

© be working closely with owners

theoughous the state to assist
“them in conduction regular site

will-irvolve Disaster and Emer - -

msgt:s:nnns as weilas ;(kmfy‘mg :

x it is mucrpmrd that this program

gency Smegs (‘DEﬂj caocdxm

conueting ¢ e;:ch county DES
coordinator to discuss and review
‘emergency action plans for h;gh
hazard dams in thm county
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+ will mle two years 1o complere.
I you aeed more information
‘piease contcr Michele Lemiews,
Dam Safery Program Manuger, ai
4-}4-6615 a
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A nces in Dam Construction Technolog

foday’s Shecp Foor R fer
No kidding! Livestock were commonly used to
mpact earth embankmens! Upper Glaston Lake
Dam, in Sweetgrass county was built using sheep.

w warfy fHAS
After placing a foot of fill. sheep were fenced on the

dam overnight. In the moming. the sheep were then
removed and another of foot of Gl was placed. ¢

Good Turnout for
Flood Hydrology Seminar

Thz‘s vear's Dam Safety Seminar was held in Buue,
Montana, on March 30-31. The empbasis of the
seminar was on flood hydrofogy in Montana with
particular attention to the latest techniques devel-
oped by the U.S. Geological Survey (T/8GS). The
instructors of the course were Chuck Parrett of USGS.
Gary Fischer of Maxim Technologies, and Terry Voeller
of DNRC. The course provided a good overview of
Fernons with susabalities wha

L3 Bux
s f By it were publ

Montana Department of Natural
Resources & Conservation

Dam Safety Program

PO Box 201601

48 North Last Chance Gulch

Helena, MT 59620-1601

ADDRESS CORRECTION RE

hydrology. with discussions on everything from unit
hydrograph developmenrt 1o paleohydrology. More
than 75 people attended. Tt is anticipated that the
annual Dam Safety Seminar next vear will be on
seismic design and evaluation of dams. West
Yellowstone comes to mind as a prime seminar
location! Ir will likely be in March or early April of the
year 2000.¢
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